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(54) Ink jet head
(57) Inaninkjethead, in order to make the occupy-

ing area of a chamber (2) associated to each nozzle (1)
as small as possible, while maintaining a discharge ink
drop volume, and on the other hand, to locate a number
of nozzles with a high density, the plan view shape of a
pressure plate provided to each chamber to fulfill the re-
lation of 1 < A < 2, where "A" is the ratio of an circum-
scribed circle diameter of the plan view shape of the
pressure plateto an inscribed circle diameter of the plan
view shape of the pressure plate. For example, the pres-
sure plate has the plan view shape of a substantial
square or a substantial rhombus. The chambers are lo-
cated in the form of a matrix.

Fig. 2
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Description
Background of the invention

[0001] The presentinvention relates to an ink jet head
having a number of nozzles for discharging an ink drop,
located with a high density. More specifically, the
present invention relates to an ink jet head incorporated
in an ink jet printing machine and configured to shoot an
ink drop to a recording medium to produce a printed im-
age recording, the ink jet head including a plurality of
nozzles, a plurality of chambers located for the piurality
of nozzles, respectively, a pressure plate forming one
plane of each chamber, and an actuator provided for
each pressure plate, so that when the actuator is driven,
a corresponding pressure plate is deformed to com-
press an ink in a corresponding chamber so as to cause
an ink drop to be discharged from a corresponding noz-
Zle.

[0002] Now, the prior art of the ink jet head will be de-
scribed with reference to Fig. 11, which illustrates one
example of the prior art ink jet head disclosed in Japa-
nese Patent Application Pre-examination Publication
No. JP-04-148936-A. This prior art ink jet head includes
a number of nozzles 101 arranged in a single array to
depict a straight line, a number of chambers 102, each
having an elongated plan view shape, staggered at op-
posite sides of the nozzle array, with one end of each
chamber being located on a corresponding nozzle, and
the other end of each chamber having a supplying port .
103.

[0003] Furthermore, the ink jet head has an ink pool
104 in common to ali the chambers, at a layer different
from the layer where the chambers are formed. The ink
pool 104 is connected to each chamber 102 through the
associated supplying port 103. In addition, an actuator
(not shown) is mounted on a pressure plate (not shown)
forming one plane of each chamber. The following de-
scription will be made on the premise that the actuator
is constituted of a piezoelectric actuator.

[0004] The ink jet head operates as follows: When the
actuator is driven, the pressure plate is flexed to reduce
the volume of the chamber 102, with the result that the
ink in the chamber is compressed so that an ink drop is
discharged through the nozzle 101. After the ink drop is
discharged, when the pressure plate restores its original
form, the ink is re-charged into the chamber through the
supplying port from the ink pool 104

[0005] The above mentioned prior art ink jet head is
advantageous since it is possible to realize a high den-
sity location of nozzles by reducing the pitch of the noz-
zles in the nozzle array and by locating a number of
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a necessary amount of volume change in the chamber.
For reference, it is said that the amount of volume
change of at least 30 pl (picoliter) is required to realize
a high speed printing. If only a too small ink drop is dis-
charged, the printing speed unavoidably becomes low.
[0007] In this connection, it may be considered to en-
large the longitudinal length of the chamber so as to in-
crease the amount of volume change in the chamber. In
this case, however, the occupying area of the chamber
becomes farge, with the result that the areal density of
the nozzles cannot be elevated.

Brief summary of the invention

[0008] Accordingly, itis an object of the present inven-
tion to provide an ink jet head which has overcome the
above mentioned problems of the prior art.

[0009] Another object of the present invention is to
provide an ink jet head including a chamber having a
pressure plate of the shape easy to flex, thereby to be
able to reduce the occupying area of the chamber while
maintaining a necessary volume of discharged ink drop,
so as to realize a high density of nozzle location.
[0010] Still another object of the present invention is
to provide a stably driven, highly reliable, ink jet head
capable of maintaining a necessary volume of dis-
charged ink drop even if the nozzles are located with a
high density.

[0011] A further object of the present invention is to
provide an ink jet head which can be manufactured with
a simplified fabricating process and with a high working
precision.

[0012] The above and other objects of the present in-
vention are achieved in accordance with the present in-
vention by an ink jet head comprising:

aplurality of nozzles arranged to constitute a matrix
having a plurality of rows inclined at a constant an-
gle to a head main scan direction and a plurality of
columns orthogonal to the head main scan direc-
tion;

a plurality of chambers provided for the plurality of
nozzles, respectively;

a pressure plate formed to constitute one plane of
each of the plurality of chambers;

an actuator provided to each pressure plate, for de-
forming the pressure plate to compress an ink within
a corresponding chamber;

a plurality of ink pool branches provided along the
plurality of rows or the plurality of columns, for sup-
plying the ink to the plurality of chambers; and

a main ink pool connected to the plurality of ink pool

chambers having a narrow witch corresponding to the
reduced pitch.
[0006] However, since the width of the chamber must
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be inevitably reduced with increase of the nozzie den-
sity, the pressure plate assumes the shape difficult to
flex, with the result that it is no longer possible to ensure
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branches,
wherein the pressure plate has a plan view shape

_ __fulfilling_the_relation_of_1_<_A_.<.2.where “A’is-the-

ratio of an circumscribed circle diameter of the plan
view shape of the pressure plate to an inscribed cir-
cle diameter of the plan view shape of the pressure
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plate.

[0013] For example, the pressure plate has the plan
view shape of a substantial square, or alternatively the
ptan view shape of a substantial rhombus having a pair
of sides in parallel to the plurality of rows and another
pair of sides in paralle! to the plurality of columns.
[0014] With this arangement, the pressure plate has
the shape easy to be flexed by the actuator when the
actuator is driven. Therefore, even if the occupying area
of the chamber is reduced, a highly efficient chamber
can be realized which can maintain a necessary amount
of volume change caused when the actuator is driven.
Accordingly, a number of nozzles can be located with a
high density without reducing the volume of the dis-
charged ink drop.

[0015] When the pressure plate has the plan view
shape of a substantial rhombus having a pair of sides
in parallet to the plurality of rows and another pair of
sides in parallel to the plurality of columns, the actuator
preferably has a plan view shape of a substantial rhom-
bus having a pair of sides in parallel to the plurality of
rows and another pair of sides in parallel to the plurality
of columns.

[0016] With this arrangement, the actuators can be
formed in bundle by dicing an actuator material sheet in
units of row and in units of column. Therefore, the fab-
ricating process can be simplified, and it is possible to
elevate the precision in the size and in the position of
the actuator.

[0017] In addition, each of the plurality of chambers
preferably has an ink supply port to form an ink flow in
the direction of a long diagonal of the substantial rhom-
bus.

[0018] With this arrangement, an ink flow within the
chamber is smoothed, so that it is possible to prevent a
bubble from staying, thereby to elevate reliability of the
ink jet.

[0019] When the inclination of each row to the head
main scan direction is expressed by "6" and the interval
of the plurality of nozzles in a direction orthogonal to the
head main scan direction is expressed by “d" (mm), "8"
and "d" are preferred to have the relation of 0 <tan 6 <
5d.

[0020] With this arrangement, the width of each
chamber in the main scan direction can have the size of
not less than about 0.2mm, so that it is possible to obtain
the chamber size capable of generating the amount of
volume change sufficient to discharge a desired volume
of ink drop.

{0021] Furthermore, when the number of the nozzles
included in each row is expressed by “n", “n" and "d" are
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ficient to discharge a desired volume of ink drop.
[0023] Furthermore, "n" and “8" preferably have the
relationof 0.5<n Xtan 9 <2.

[0024] With this arrangement, each chamber can
have the head main scan direction width which is not
greatly different from the width in the direction orthogo-
nal to the head main scan direction. Therefore, accord-
ing to this layout, the chambers can be located with a
high density in the form of a matrix with no substantial
wasteful space. For example, in the case of n X tan 6 <
1, each chamber can have the head main scan direction
width larger than the width in the direction orthogonal to
the head main scan direction. On the other hand, in the
case of n X tan 8 > 1, each chamber can have the head
main scan direction width smailer than the width in the
direction orthogonalto the head main scan direction. Ac-
cordingly, when each chamber assumes a plan view
shape of the substantial square or the substantial rhom-
bus, an empty space can be effectively used as a space
for the ink pool branches, so that the chamber and the
branches can be located with a high density.

[0025] Further, it is preferred that the main ink pool
has the cross-sectional area larger than the cross-sec-
tional area of the ink pool branch.

[0026] With this arrangement, even if alt the ink flows
flowing through all the ink pool branches are caused to
flow through the main ink pool, a stably stream can be
obtained. In addition, since a flow resistance is small,
the supply amount of ink per a unit time can be enlarged,
and therefore, a discharging frequency can be in-
creased. Furthermore, a difference in the ink supplying
amount between the ink pool branches can be reduced
so that the variation in the discharge characteristics be-
tween the nozzles can be suppressed.

[0027] Moreover, it is also preferred that the main ink
pool and/or each ink pool branch has the cross-sectional
area gradually decreasing toward the downstream end.
[0028] In the main ink pool, the ink flow rate drops to
toward the downstream end, since the ink is supplied to
the associated ink pool branches. In addition, in each
ink pool branch, the ink flow rate also drops to toward
the downstream end, since the ink is supplied to the as-
sociated chambers. With this arrangement, however, it
is possible to prevent the flow velocity from dropping.
Accordingly, the ink can be stably supplied to the cham-
bers positioned at the downstream side of the ink flow,
so that the variation in the discharge characteristics be-
tween the nozzles can be suppressed. Furthermore, it
is possible to prevent stay of a bubble, which would have
heen caused because of the drop of the flow velocity,
thereby to elevate reliability of the ink jet.

[0028] The above and other objects, features and ad-

preferredto have the relation of n X d20.2:
[0022] Also with this arrangement, the width of each
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vantages of the present invention will be apparent from -
the following description of preferred embodiments of
the invention with reference to the accompanying draw-
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direction can have the size of not less than about
0.2mm, so that it is possible to obtain the chamber size
capable of generating the amount of volume change suf-
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Brief description of the drawings
[0030]

Fig. 1A is a graph illustrating the relation between
the amount of volume change of a chamber having
the plan view shape of a quadrilateral and the as-
pect ratio of the plan view shape of the chamber,
Fig. 1B is a graph illustrating the relation between
the amount of volume change of a chamber having
various plan view shapes and the ratio of an circum-
scribed circle diameter of the plan view shape of the
chamber to an inscribed circle diameter of the plan
view shape of the chamber;

Fig. 2 is a diagrammatic layout pattern of a first em-
bodiment of the ink jet head in accordance with the
present invention;

Fig. 3 is a diagrammatic enlarged, partial layout pat-
tern of the first embodiment of the ink jet head in
accordance with the present invention;

Fig. 4 is a diagrammatic partial sectional view of the
first embodiment of the ink jet head in accordance
with the present invention;

Fig. 5 illustrates necessary parameters for deter-
mining a matrix location of chambers in the first em-
bodiment of the ink jet head in accordance with the
present invention;

Fig. 6 is a diagrammatic exploded view illustrating
a process for forming the actuators in the first em-
bodiment of the ink jet head in accordance with the
present invention;

Figs. 7A, 7B and 7C are diagrammatic exploded
views illustrating a process succeeding to the proc-
ess shown in Fig. 6, for forming the actuators in the
first embodiment of the ink jet head in accordance
with the present invention;

Fig. 8 is a diagrammatic exploded view illustrating
a process succeeding to the process shown in Fig.
7C, for forming the first embodiment of the ink jet
head in accordance with the present invention;
Fig. 9 is a waveform diagram illustrating a drive voit-
age for the first embodiment of the ink jet head in
accordance with the present invention;

Fig. 10 is a diagrammatic enlarged, partial tayout
pattern of a second embodiment of the ink jet head
in accordance with the present invention; and

Fig. 11 is a diagrammatic layout pattern of the ink
jet head in the prior art.

Detailed description of the invention

[0031] Before explaining embodiments of the ink jet
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illustrating, in chambers having the plan view shape of
various quadrilaterals having the same area, the relation
between the aspect ratio of each plan view shape and
the amount of volume change of the chamber when the
same pressure is applied to a pressure plate provided
in the plane having the plan view shape concemed.
Here, the amount of volume change in the chamber cor-
responds to the volume of a discharged ink drop. The
relation shown in the graph was obtained by a numerical
analysis executed under the condition that the pressure
plate plane of each chambcr is 0.608 millimeter
squared, the pressure plate is formed of a Ni (nickel)
sheet having the elastic modulus of 200GPa and a thick-
ness of 20um, and the applied pressure is 0.1MPa.
[0033] This result shows that if the aspect ratio of the
plan view shape (pressure plate plane) of the chamber
is closer to "1", namely, the plan view shape is nearer
to a square, a larger amount of volume change can be
obtained. In other words, if the chamber is formed to
have the ptan view shape nearer to the square, a large
amount of volume change can be obtained with a small
occupying area.

[0034] Incidentally, the above research was conduct-
ed for the chamber having the plan view shape of a
quadrilateral. However, a similar effect can be obtained
in the chamber having the plan view shape of a polygon
other than the quadrilateral or of an ellipse (including a
circle). In this case, specifically, if a ratio of a maximum
width to a minimum width of the polygon or the ellipse
is closer to "1", a large amount of volume change can
be obtained.

[0035]) Therefore, a further research was conducted
for the plan view shape of the chamber, namely, the
shape of the pressure plate plane of the chamber. Var-
ious plan view shapes can be considered by classifying
on the basis of the number of angles. For example, a
triangle includes an equilateral triangte, a right-angle tri-
angle, an isosceles triangle, etc. A quadrilateral includes
a square, a rectangle, a trapezoid, a rhombus, etc. Re-
ferring to Fig. 1B, there is shown the resulit obtained by
a numerical analysis of the amount of volume change
in the chamber when a constant pressure is applied to
pressure plate planes of different plan view shapes in-
cluding the triangle, the quadrilateral, the hexagon, the
circle, etc., having the same area. The axis of abscissas
indicates the ratio of an circumscribed circle diameter of
the plan view shape of the chamber (namely, the shape
of the pressure plate ptane of the chamber) to an in-
scribed circle diameter of the plan view shape of the
chamber (this ratio can be called a chamber shape pa-
rameter "A" in this specification), and the axis of ordi-
nates indicates the amount of volume change in the

head in accordance with the présent invention, expla-
nation will be made on our research for seeking the

55
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cupying area and a large amount of volume change
when it is driven.
[0032] Referring to Fig. 1A, there is shown a graph
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chamber. Here, the parameter "A" has a minimum value -
depending upon the number of angles of the plan view
shape_of_the_chamber.(namely, the_shape_of-the-pres-

sure plate plane of the chamber). The triangle has the
minimum parameter "A" of "2" in the case of the equilat-
eral triangle. The quadrilateral has the minimum param-
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eter "A" of "V2" in the case of the square. The hexagon
has the minimum parameter "A" of "2/¥3" in the case of
the regular hexagon. The ellipse has the minimum pa-
rameter"A" of "1" in the case of the circle. For reference,
the analysis condition was that the pressure plate piane
of each chamber is 0.375 millimeter squared, the pres-
sure plate is formed of a Ni (nickel) sheet having the
elastic modulus of 200GPa and a thickness of 15um,
and the applied pressure is 0.1MPa.

[0036] It would be apparent from the result shown in
Fig. 1B that the relation between the parameter "A" and
the amount of volume change in the chamber does not
substantially depend upon the number of angles of the
shape of the pressure plate plane of the chamber.
Namely, if the area of the pressure plate plane is deter-
mined, the amount of volume change can be set from
only the parameter "A". It would be also apparent from
the result shown in Fig. 1Bthatin orderto realize a target
value of 30 picoliters or more, the parameter "A" is re-
quired to be not greater than “2". Incidentaily, the mini-
mum value of the parameter "A" is "1" obtained in the
case of a circle. .

[0037] As mentioned above, in the ink jet head in ac-
cordance with the present invention. the nozzles are lo-
cated in the form of a matrix. In this case, the condition
given to the chamber size when the chamber is located
for the nozzle, is that the width in the head main scan
direction is smaller than the nozzle pitch (= d/tan 8) in
the head main scan direction and the width in the direc-
tion orthogonal to the head main scan direction is small-
er than the nozzle row pitch (= n X d) in the direction
orthogonal to the head main scan direction. Accordingly,
the aspect ratio of the plan view shape of the chamber
(the shape of the pressure plate plane of the chamber)
is expressed by (n X tan 0). Therefore, a permissible
range of the aspect ratio of the plan view shape of the
chamber can be expressed by (n X tan 6). if (n X tan 6)
is not smaller than 0.5 (the head main scan direction
width is longerthan the width in the direction orthogonal
to the head main scan direction) and is not greater than
2 (the width in the direction orthogonal to the head main
scan direction is longer than the head main scan direc-
tion width), namely, if 0.5 <n X tan 6 <2, whenthecham-
bers fulfilling the condition of 1 < A < 2 are located, the
chambers can be laid out with a high density. In other
words, if 0.5 <n X tan 8 < 2, the chambers capable of
realizing the discharge capability of 30 picoliters can be
advantageously located with a high density.

[0038] Based on the above mentioned result of re-
search, the ink jet heads having a number of chambers
located in the form of a matrix were actually fabricated.
Now, embodiments of the ink jet head in accordance
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cordance with the present invention is characterized in
that a number of chambers having the plan view shape
of a substantial square and located in the form of a ma-
trix and an ink pool for supplying an ink to respective
chambers is of a comb shape having a main ink pool
and a plurality of ink poo! branches extending from the
main ink pool as the teeth of the comb. Fig. 2 is a dia-
grammatic layout pattern of the whole of the first em-
bodiment of the ink jet head in accordance with the
present invention. Fig. 3 is a diagrammatic enlarged,
partial layout pattern of the first embodiment of the ink
jet head in accordance with the present invention, for
showing the details. Fig. 4 is a diagrammatic partial sec-
tional view of the first embodiment of the ink jet head in
accordance with the present invention, for showing a
sectional construction of the chamber.

[0040] The shown ink jet head includes a number of
ink chamber units located in the form of a matrix. Each
of the ink chamber units includes a nozzle 1 for discharg-
ing an ink drop, a chamber 2 having a plan view shape
of a substantial square as shown in Fig. 3, provided for
the corresponding nozzle 1, a pressure plate 7 forming
a bottom plane of the chamber 2, and an actuator 9
bonded to the pressure plate 7 and having an individual
electrode 8 for applying a drive voltage. A plurality of ink
pool branches 5 are connected to a main ink pool 6 as
the teeth of the comb. The chamber of each ink chamber
unit is connected to a corresponding ink pool branch 5
through a supplying port 3 provided for each chamber.
[0041] The matrix location of the chambers is deter-
mined by the following four parameters, as shown in Fig.
5. Namely, a first parameter is a pitch 20 (called "d" here-
inafter) of the nozzles (located in each row 11, 12, 13,
- ) in a direction orthogonal to a head main scan direc-
tion 30. A second parameter is an angle 31 (called "9"
hereinafter) between each row 11, 12, 13, - - - and the
head main scan direction 30. A third parameter is the
number of nozzles located in each row 11, 12,13, - - -
(called "n" hereinafter). A fourth parameter is the total
number of rows (called "m" hereinafter). In Fig. 5, each
column 21, 22, 23, - - - is orthogonal to the head main
scan direction 30.

[0042] Theink jet head was actually fabricated under
the condition that "d" = 0.1693mm, "8" = 12.53 degrees,
"n" = 6, and "m" = 16. In this layout, the total number of
nozzles is 96, and the permissible maximum size of the
plan view shape of each chamber 2 is that the head main
scan direction width is 0.762mm, and the width in the
direction orthogonal to the head main scan direction is
1.016mm. The actually formed chamber has a square
plan view shape of 0.612mm by 0.612mm.

[0043] In this layout and this chamber size, a space

" with the present invention will be described with refer-

ence to the drawings.
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First Embodiment

[0039] A first embodiments of the ink jet head in ac-
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55 _adjacent nozzles in the head main.scan.direction.-In.this

between adjacentnozzles in the direction orthogonalto”
the head main scan direction is larger than that between

ink jet head, the space between adjacent nozzles in the
direction orthogonal to the head main scan direction is
positively utilized for a space for locating the ink pool
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branch 5. As a resutt, since the ink pool branch 5 can
have as large width as possible, the ink pool can have
a large capacity, so that it is possible to reduce a cross-
talk between the nozzles occurring when the ink jethead
is driven for discharging the ink drops, and also it is pos-
sible to elevate a refilling speed thereby to increase a
driving frequency of the ink jet head. In this ink pool lay-
out, the ink pool branches 5 are in paraliel to the rows
which are inclined at the angie "8" to the direction or-
thogonal to the head main scan direction 30, and the
number of the ink pool branches 5 is equal to the number
"m" of the rows.

[0044] Each ink pool branch 5 is coupled at its base
end to the main ink pool 6. In this connection, each ink
pool branch 5 is branched from the main ink pool 6 in
such a manner that the change of direction of the ink
flow when the ink fiow is branched from the main ink
pool 6 to each ink pool branch 5 is smalier than 90 de-
grees. With this arrangement, when the ink flow is
branched from the main ink pool 6, it is possible to pre-
vent generation of eddies and dead water. Accordingly,
the ink can be stably supplied to each chamber, so that
reliability of the ink jet head can be elevated. In the
shown embodiment, each ink pool branch 5 has a con-
stant width from an upstream end to a downstream end
(namely, from its base end to its tip end), and on the
other hand, the main ink pool! 6 has a width decreasing
toward to a downstream end.

[0045] In the shown embodiment of the ink jet head,
dummy chambers, which are not actually driven, are
formed in a column positioned at the downstream end
(namely, the tip end) of each ink pool branch 5 and in
two rows positioned at the upstream end (base end) and
at the downstream end (tip end) of the main ink pool.
The dummy chambers have the same construction as
the chambers which are actually driven. Actually, there-
fore, the number of the ink pool branches is “m+2". Pro-
vision of the dummy chambers makes it easy to expel
an immixed bubble, so that the reliability of the ink jet
head can be elevated.

[0046] The actuator 9 provided to each chamber2 has
the same outer size as that of the pressure plate 7 of
the chamber 2, and has a thickness of 30um. The actu-
ator 9 is bonded to the pressure plate 7 by a conductive
bonding agent. The individual electrode 8 for applying
the drive voltage is provided at the surface of the actu-
ator 9 opposite to the pressure plate 7. The pressure
plate 7 has a function as a common electrode.

[0047] inthis embodiment, the actuator 9 is formed of
a lead zirconate titanate type ceramics, but can be
formed of other conventional ferroelectric material.
[0048] Now, a process for fabricating the above men-
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Fig. 6, a piezoelectric material sheet 40 having a thick-
ness of 30um and opposite surfaces coated with an
evaporated Au electrode 41, is affixed to a temporary
fixing piate 43 by means of a temporary fixing adhesive
sheet 42.

[0050) . Thereafter, as shown in Fig. 7A and 78, a
sandblasting is carried out by using a set of masks 44
which were prepared to meet the required position and
the required size of the actuators, so that the piezoelec-
tric material sheet 40 are divided into a number of sep-
arated actuators. Then, a conductive bonding agent (not
shown) is coated on a surface of the separated actua-
tors thus prepared, and transferred and bonded to the
pressure plate 7 having a thickness of 15um, and there-
after, the temporary fixing adhesive sheet 42 and the
temporary fixing plate 43 are removed. Thus, the pres-
sure plate 7 having a number of separated actuators is
completed, as shown in Fig. 7C.

[0051] Next, a process for assembling the ink cham-
ber units each including the nozzle 1 and the chamber
2 and all coupled to the ink pool in the form of a comb,
will be described with reference to Fig. 8, which is a di-
agrammatic exploded view showing various members
constituting ink chamber units, for illustrating a process
for forming the first embodiment of the ink jet head in
accordance with the present invention. Those members
include a nozzie plate 51 having a number of nozzles,
and a pool plate 54 having the main ink pool 6 and the
ink pool branches 5 located in the form of a comb and
a number of holes communicating with the nozzles, a
supplying port plate 53 having a number of supplying
ports and a number of holes communicating with the
nozzles, a chamber plate 52 having a number of cham-
bers, and the pressure plate 7. All of these plates are
formed of a stainless steel sheet. The nozzles 1 and the
supplying ports 3 are formed by a punching press ma-
chine. The main ink poof 6 and the ink pool branches 5
located in the form of a comb, and the chamber 2, are
formed by an etching. These ink chamber unit members
(51, 52, 53 and 54) excluding the pressure plate 7 are
bonded each other by an adhesive agent, and thereaf-
ter, the pressure plate 7 bonded with a number of sep-
arated actuators 9 is bonded to the bonded plates 51,
52, 53 and 54 by an adhesive agent.

[0052] Furthermore, an electrical connection is made
for supplying the drive voltage to the individual elec-
trodes 8 provided for the respective actuator 9. In this
embodiment, electrical terminals of a flexible printed ca-
ble (not shown) is located at a periphery of the ink cham-
ber unit matrix, and the electrical terminals are connect-
ed to the individual electrodes 8 by a wire bonding.
Thereafter, a polarization is carried out by applying a

tioned ink jet head will be described with reférence to
the drawings.
[0049]__ Referring to Fig. 6, there is shown a diagram-
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biasing voltage, so that the piezoelectric property is giv-
en to the actuator 9.
[0053]__ Now, an_operation.of the_first embodiment will
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matic exploded view illustrating a process for forming
the actuators in the first embodiment of the ink jet head
in accordance with the present invention. As shown in
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be described, An ink is supplied by connecting an ink
supply tube (not shown) to the base end of the main ink
pool 6, so that the ink is charged into the main ink pool
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6, the ink pool branches 4, the supplying ports 3, the
chambers 2 and the nozzles 1 in the named order.
[0054] If a voltage having the waveform as shown in
Fig. 9 is applied between the common electrode (pres-
sure plate 7) and the individual electrode 8 of each ac-
tuator 9, the pressure plate is flexed by a bimorph effect
so that the ink within the chamber is compressed to dis-
charge an ink drop through the nozzle 1.

[0055] It was confirmed that when the waveform as
shown in Fig. 9 was applied to the actually fabricated
ink jet head of the first embodiment, the ink drop of 30
picoliters was stably discharged from all the nozzles. In
addition, it was also confirmed that when the similar test
was carried out while changing the number of nozzies
simultaneously driven, the ink drop of the same volume
was stably discharged from all the nozzles driven. Fur-
thermore, it was confirmed that a similar discharge char-
acteristics was obtained although the position of the
nozzles driven was changed.

[0056] Fromthe result of thetest, it was confirmedthat
by combining the substantially square chambers and
the comb-shaped ink pool, the nozzles can be located
with a high density and the ink jet can be stably dis-
charged.

[0057] When the ink pool in the form of the comb is
used, the flow amount of the ink flowing through the
main ink pool becomes small toward the downstream
end. Therefore, if the width of the main ink poolbecomes
small toward the downstream end as in this embodi-
ment, the flow velocity of the ink is prevented from drop-

. ping atthe downstream side, so that it is possible to pre-

vent a bubble and a dirt from staying, thereby to elevate
reliability of the ink jet.

[0058] Inthis embodiment, the pressure plate has the
thickness of 15um. In this connection, it was confirmed
by experiment that if the pressure plate having the thick-
ness of 2um is used, even if the size of the chamber is
reducedto 0.2mm by 0.2mm, the ink drop of 30 picoliters
was discharged from the nozzles.

[0059] Therefore, in connection of the nozzle location,
if the condition of 0 < tan 8 <5d (mm) and n X d 20.2
is fulfilled, the chambers can be laid out so that the noz-
zles are located with a high density.

Second Embodiment

[0060] This second embodiment is characterized in
that the plan view shape of each chamber assumes a
substantial rhombus having a pair of sides in parallel to
the rows and another pair of sides in parallel to the col-
umns, so that the high efficiency of the square chamber
is maintained and onthe other hand the flow of ink within
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matic enlarged, partial layout pattern of a second em-
bodiment of the ink jet head in accordance with the
present invention, for showing the details.

[0062] As shown in Fig. 10, the plan view shape of
each chamber 2 has a substantial rhombus having a pair
of sides in parallel to the rows (11, 12, 13, - - - in Fig. 5)
and another pair of sides in parallel to the columns (21,
22, 23, - - - in Fig. 5). Namely, the pair of sides of the
rhombus in parallel to the rows are inciined at the angle
"9" to the direction orthogonal to the head main scan
direction 30. In addition, the nozzle 1 and the supplying
port 3 are located at opposite ends of a longer diagonal
line of the rhombus. The actuator 9 has the same plan
view shape as the plan view shape of the rhombus
chamber. Namely, the actuator 9 has the shape of asub-
stantial rhombus having a pair of sides in paraliel to the
rows (11, 12, 13, - - - in Fig. 5) and another pair of sides
in parallel to the columns (21, 22, 23, - - - in Fig. 5).
[0063] The construction other than the above men-
tioned features is the same as the first embodiment, and
therefore, a further description of the construction will
be omitted.

[0064] Next, a process for fabricating the second em-
bodiment of the ink jet head will be described. The proc-
ess for fabricating the second embodiment is different
from the process for fabricating the first embodiment,
only in a process for dividing the piezoelectric material
sheet into the discrete actuators. Therefore, only this
point will be described.

[0065] Similarly to the first embodiment, a piezoelec-
tric material sheet 40 having a thickness of 30um and
opposite surfaces coated with an evaporated Au elec-
trode 41, is affixed to a temporary fixing plate 43 by
means of a temporary fixing adhesive sheet 42. There-
after, the piezoelectric material sheet 40 is divided into
discrete actuators by a dicing which is simple, highly
precise and high stable in comparison with the sand-
blasting. Since the sides of the discrete actuators are
aligned along a single straight line in paraliel to the rows
or the columns, the piezoelectric material sheet 40 can
be divided in bundie in units of a row or a column by the
dicing. Therefore, the mask required for the sandblast-
ing is no longer necessary, and accordingly, a process
for the mask alignment can be omitted. As a result, the
size and the position of the actuators can be patterned
with a high precision.

[0066] In an operation of the second embodiment, the
second embodiment is different from the first embodi-
ment in that the flow of ink within the chamber is
smoothed. Namcly, since the ink flows along the longer
diagonal line of the rhombus, the corner through which
the ink flows becomes an obtuse angle, so that the flow

the chamber is smoothed to prevent thestaying of a
bubble so as to elevate the reliability of the ink jet head,
and furthermore, the process for fabricating the ink jet
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Becomes difficult 1o stay, and generation of bupble iIs

prevented. As a result, the reliability of the ink jet head
can be elevated.
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readcan bé simplified
[0061] Now, the second embodiment will be de-
scribed with reference to Fig. 10, which is a diagram-
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[0067] The ink jet head of this second embodiment
was actually fabricated, and the test similar to that exe-
cuted for the first embodiment was carried out. As a re-
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sult, it was confirned that, similarly to the first embodi-
ment, the ink drop of 30 picoliters was stably discharged
from all the nozzles. In addition, it was also confimed
that when the similar test was carried out while changing
the number of nozzles simultaneously driven, the ink
drop of the same volume was stably discharged from all
the nozzles driven. Furthermore, it was confirmed that
a similar discharge characteristics was obtained al-
though the position of the nozzles driven was changed.
[0068] Fromthe result ofthetest, it was confirmedthat
the substantial rhombus chambers have a high efficien-
cy, comparable to that obtained in the substantial square
chambers. it was also confirmed that the nozzles can
be located with a high density by combining the substan-
tially rhombus chambers and the comb-shaped ink pool,
and the ink jet can be stably discharged. Furthermore,
by using the actuators having a plan view shape similar
to the plan view shape of the substantiai rhombus cham-
bers, the fabricating process can be simplified, and the
working precision can be elevated.

[0069] As mentioned above, in the ink jet head in ac-
cordance with the present invention, since the cham-
bers have the chamber shape parameter "A" fulfilling the
relation of 1 <A <2, itis possible to obtain a high efficient
chamber capable of realizing a necessary amount of
volume change when it is driven, with a small plan view
occupying area of the chamber. Therefore, the nozzles
can be located with a high density without lowering the
volume of the discharged ink drop.

[0070] In addition, when the chambers having the
chamber shape parameter "A" fulfilling the relation of 1
< A £ 2 have the plan view shape of a substantial rhom-
bus, if the direction of the ink flow within the chamber is
along the longer diagonal line of the rhombus, the corner
through which the ink flows becomes an obtuse angle,
so that the flow becomes difficult to slay, and generation
of bubble is prevented. As a result, the refiability of the
ink jet head can be elevated.

[0071] Furthermore, when the chambers are located
to fulfilt the condition of 0 < tan  <5d (mm), the condition
of n X d20.2, orthe conditionof 0.5 < n X tan 9 <2,
the chambers having the chamber shape parameter"A"
fulfilling the relation of 1 < A < 2 can be located in the
form of a matrix with no substantial waste space. There-
fore, the chambers having a small plan view occupying
area can be laid out with a high efficiency. In addition,
since the layout including the ink pool branches can be
realized with a high density.

[0072] Moreover, if the main ink pool is formed to have
the cross-sectional area larger than that of each ink pool
branch, a stable ink flow can be obtained, and an ink
supplying amount per unit time can be enlarged so that
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stream end, the ink can be stably supplied to a down-
stream portion of the ink stream, and the variation in dis-
charge characteristics between the nozzles can be sup-
pressed. In addition, it is possible to prevent the staying
of a bubble which would have been caused by the low-
ering of the flow velocity, and therefore, the reliability of
the ink jet head can be elevated.

[0074] As mentioned above, the present invention is
very advantageous in elevating the nozzle density and
the reliability of the ink jet head, in reducing the variation
in discharge characteristics of the ink jet head, in sim-
plifying the fabrication process of the ink jet head, and
in elevating the fabrication precision. Therefore, the
present invention has a very large industrial value.
[0075] The invention has thus been shown and de-
scribed with reference to the specific embodiments.
However, it should be noted that the present invention
is in no way limited to the details of the illustrated struc-
tures but changes and modifications may be made with-
in the scope of the appended claims.

Claims
1. Anink jet head comprising:

a plurality of nozzles arranged to constitute a
matrix having a plurality of rows inclined at a
constant angle to a head main scan direction
and a plurality of columns orthogonal to said
head main scan direction;

a plurality of chambers provided for said plural-
ity of nozzles, respectively;

a pressure plate formed to constitute one plane
of each of said plurality of chambers;

an actuator providedto each pressure plate, for
deforming said pressure plate to compress an
ink within a corresponding chamber;

a plurality of ink pool branches provided along
said plurality of rows or said plurality of col-
umns, for supplying said ink to said plurality of
chambers; and

a main ink pool connected to said plurality of
ink pool branches,

wherein said pressure plate has a plan view
shape fulfilling the relation of 1 < A < 2 where
“A" is the ratio of an circumscribed circle diam-
cter of the plan view shape of said pressure
plate to an inscribed circie diameter of the plan
view shape of said pressure plate.

2. Anink jet head claimed in Claim 1 wherein said
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the discharge frequency can be increased:. In addition,
the variation in discharge characteristics between the
nozzles can be suppressed.

55

pressure plate has the plan view shape of-a sub-
stantial square.

[0073] ~Furthermore, if it is so constructed that the
main ink pool and/or each ink pool branch has the cross-
sectional area gradually decreasing toward the down-

1138493A1 _i_>

3. An in?je! head claimed in Claim 1 wherein said
pressure plate has the plan view shape of a sub-
stantial rhombus having a pair of sides in parallel to
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said plurality of rows and another pair of sides in
parallel to said plurality of columns.

An ink jet head claimed in Claim 3 wherein said ac-
tuator has a plan view shape of a substantial rhom-
bus having a pair of sides in paraliel to said plurality
of rows and another pair of sides in parallet to said
plurality of columns.

An ink jet head claimed in Claim 4 wherein each of
said plurality of chambers preferably has an ink sup-
ply port to form an ink flow in the direction of a long
diagonal of said substantial rhombus.

An ink jet head claimed in any of Claims 1 to 5
wherein when the inclination of each row to said
head main scan direction is expressed by "6" and
the interval of said plurality of nozzles in a direction
orthogenal to said head main scan direction is ex-
pressed by "d" (mm), "6" and “d" have the relation
of 0 < tan 6 < 5d.

An ink jet head claimed in Claim 6 wherein when
the number of said nozzles included in each row is
expressed by "n", "n" and "d" have the relation of n
xd=0.2

An ink jet head claimed in Claim 7 wherein “n" and
“8" have the relation of 0.5 <n X tan @ <2.

An ink jet head claimed in any of Claims 1 to 8
wherein said main ink pool has the cross-sectional
area larger than the cross-sectional area of said ink
pool branch.

An ink jet head claimed in any of Claims 1 to 9
wherein at least one of said main ink pool and said
each ink pool branch has the cross-sectional area
gradually decreasing toward the downstream end.
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